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Abstract 
The virtual learning object was organized in modules, consisting of a presentation, image gallery, theoretical content about 
Nursing Diagnosis in Neonatology, automatic presentations of clinical cases of preterm newborns at the neonatal intermediate 
care unit, and simulation exercises of clinical cases of preterm newborns. Face and content evaluations of the virtual object 
regarding the aspects related to presentation, organization, use and overall impression were performed by experts in computer 
science (12) and nursing (31). All items received positive evaluations by over 80% of the evaluators, except for the information 
density criterion on the evaluation by computer science experts. The product is considered adequate to be used for students and 
continuous education in nursing, in the pedagogical framework of problem-posing. © 2012 Published by Elsevier Ltd. 
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1. Introduction 
Introduction 
Due to changing technological and therapeutic resources caused by the advances in neonatal care, there is need 
for constant update the nursing staff. 
Training actions for health workers are part of the public policy of the Ministry of Health, such as the 
continuing education policy. The government encourages actions that are innovative and promote the inclusion of 
health workers and the appreciation of workers, who feel more motivated and dignified to care for the health of the 
population, in line with the policy of the humanization of care[1]. 
Considering the issue surrounding specific care for premature infants, it is believed that there is need for 
systematic actions aimed at improving quality in nursing. 
One way to systematize nursing care is to use the scientific method as the organizing framework for nursing 
care, as a working tool, such as the diagnostic reasoning and Nursing Diagnosis. 
It is known that, in order to carry out Nursing Diagnoses, it is necessary to take decisions about the health of the 
individual based on interpretations of the signs and symptoms, which can be evident or complex and should be 
based on responsible clinical judgments. On the other hand, often nurses do not feel prepared or able to make 
responsible decisions in an unknown context[2]. 
As a teaching resource for the better understanding of students or nurses under update, the nursing process is 
treated in a linear way, not allowing the view of the steps as interconnected or interdependent [3]. 
Among the reasons for the difficulties in building diagnoses, authors agree with [2] when stating that failures 
can occur during the training of nursing professionals, who is not trained to take decisions and propose Nursing 
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Diagnoses during undergraduate programs and due to the little discussion and understanding about the reasoning 
and judgments used for the construction of diagnostic reasoning. 
In this way, the teaching of the diagnostic process is essential for the training of competent nurses with skills to 
develop clinical reasoning. 
In this regard, it is indispensable to search for scientific improvement in order to improve teaching, not just of 
nurses, but also of undergraduate students who, when graduate, are in a labor market that require knowledge to work 
in the systematization of nursing care. 
Therefore, the teaching of Nursing Diagnosis and clinical reasoning used for their development can be an 
auxiliary resource in the training of nurses competent in the nursing process. 
Thus, informatics was chosen as a tool to be used in the teaching of clinical reasoning for the development of 
diagnoses in neonatal nursing. 
Technological advances in health have generated the need for an intensive search for updated by professionals. 
The technological resources used in nursing informatics are an indispensable support for fast access to information, 
for building and updating knowledge [4]. 
The practice of developing educational software in developed countries is intense [5]. 
In Brazil, this practice has expanded, especially in the last decade. 
In Brazil, several undergraduate programs have been using educational software and, since the mid 1980s, this 
technology has been introduced as a teaching strategy in undergraduate nursing programs, as well as in health 
informatics courses[6].   
It is believed that facilitating the learning of the nursing process of diagnostic reasoning to develop Nursing 
Diagnoses, by developing a virtual learning environment, can contribute to the improvement of nursing education 
and care delivered to premature newborns and their families. This study aimed to develop an interactive virtual 
learning object on the diagnostic reasoning in nursing applied to preterm newborns in neonatal intermediate care 
units and evaluate the content and face of this interactive virtual learning object by experts from the areas of 




It is a descriptive study that consists of observing, describing and documenting situations, characteristics or 
properties, or relating them to a particular phenomenon [7,8]. In this kind of study there are no assumptions or 
variables, the aim is to describe phenomena, allowing the researcher to report the richness of the research [7]. 
In follow, the pedagogical framework and methods used to develop the virtual learning object to teach the 
preparation of Nursing Diagnoses, based on Risner’s model of diagnostic reasoning, are described. 
 
 
Pedagogical framework for the development of the interactive virtual learning object 
It is believed that the teaching process should enable students to develop themselves as political, social and 
intellectual beings, in a free and autonomous way, enabling them to develop fully for the professional practice, and 
making education a social and political responsibility [ 9]. Therefore, there is need to change the perspectives of the 
classroom, with the construction of innovative teaching proposals. 
Thus, informatics is seen as a possibility of changing the educational practices into activities of collective 
creation, providing meaningful and collaborative learning. 
Authors believe that education mediated by computer renders the storage, retrieval, and organizing of 
information easier, as well as tracks the progress and the work of students, allowing greater flexibility, creativity, 
dynamism, interaction and communication in the educational process [10]. 
In the decision to develop this interactive virtual learning object, it was aimed to problematize the context of the 
teaching-learning process on Nursing Diagnoses in neonatology, especially among premature infants, in an attempt 
to lead users to reflection and action, seeking to transform reality, in the perspective of Paulo Freire’s pedagogical 
framework of problematization. 
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Technology in nursing education associated with active learning methods can promote the construction of 
knowledge from the experience of simulated situations of practice, encouraging critical reflection and training 
critical beings [11]. 
 
Methodological framework for the development of the interactive virtual learning object 
For the development of the interactive virtual learning object, it was used the proposed model [12] that has four 
phases for the development of software: definition of scope, planning, production and implementation, which 
facilitates the construction in a didactic way. 
 
Definition of scope  
In order to define the scope of the work, research and brainstorming was conducted, as well as definition of 
content to be included in the interactive virtual learning object. 
According to orientation, the content was defined and review, updating and reordering was continuously done, 
until final elaboration of the content of the project, stage described below. 
Due to the scarcity of publications on Nursing Diagnoses among premature infants, authors adapted 07 real 
clinical cases of preterm newborn infants hospitalized for inclusion in the virtual learning object. 
 
Planning 
Authors organized planning to know how it would be disposed within the virtual object. 
Macromedia Authorware® was the multimedia tool chosen for this interactive virtual learning object, as it is 
suitable for this type of virtual learning object and as the programmer hired was an expert on this tool. 
The interactive virtual learning object was designed to be inserted into a virtual learning environment on the 
Internet, Moodle, as it was considered to be a mean of communication that allows for the exchange of information 
worldwide by groups or by people alone. 
 
Production 




The development team conducted the first functional tests and then the interactive virtual learning object was 
tested by personnel not involved in its production. 
 
Evaluation 
It is understood that the evaluation is necessary because the task of educating requires more and more resources 
that encourage learning. 
The evaluation of the interactive virtual learning object can assist in guiding its better use and provide the 
improvement of its quality through formative evaluation and throughout its development process. 
Thus, after creating the virtual object, authors conducted its assessment with experts on nursing and computer 
science. 
To assist in correcting possible errors that could hinder the implementation of the interactive virtual learning 
object, authors decided to evaluate it first with computer experts. 
After this initial assessment and technical corrections on the interactive virtual learning object, evaluation by 
nursing experts was performed, according to Fehring’s [13] criterion adapted by Góes [14]. 
For the critical review of the object, of the authoring and editing tools and user acceptance testing, assessment 
tools that cover both the technology and teaching areas were used. 
The evaluation of the organization and presentation of content was based on an instrument by Reeves and 
Harmon [15], which was used in another study [16] on the evaluation of a website on critical care. The instrument 
developed for use in the evaluation of websites for educational purposes, is available on the Internet, in English. It 
includes assessment of the following criteria: clear, accurate and sufficient information, level of information 
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appropriate to the students, proper navigation, adequacy of media, proper interface, interaction, design, page loading 
and limitations. 
In this perspective for technological assessment, the principles of ergonomics of interface were used [17]. 
On the instrument regarding overall impression there are the following items: importance of the theme, 
interface, presentation of content, animations, case studies, indication for use in education, limitations, suggestions 
for change or inclusion of items. 
As for content, the following were included: consistency of proposed objectives, update, clear and concise 
information, logical organization, easy to read, interaction with simulations, figures, images, sounds, videos, 
grammar and learning. 
On the evaluation tool for ergonomics of interface there are the following items: menus, icons, navigation, 
location of items, user control, feedback, error message and correction, location of items, use of font formats, colors 
and design. 
The instruments included statements on the relevant aspects of the area of assessment by the expert (computer 
science and nursing) and also the summative method, known as the Likert-type scale. 
The virtual learning environment will be considered valid if 70% of the evaluators assign concept of agree or 
strongly agree on each item of content and appearance assessed, according to criteria adopted by other studies [6, 
18]. 
For analysis of data related to the process of evaluation of the virtual object, descriptive statistics was used. 
In compliance with the law on research involving human beings, Resolution CNS 196/96 [19], the project was 
approved by the Institutional Review Board of the university hospital in Brazil. 
 
Results 
The interactive virtual learning object was organized in modules, including presentation, context, objectives, 
technical profile, image gallery, support texts and references; theoretical content on Nursing Diagnosis; automatized 
presentation of three clinical cases of preterm newborns in neonatal intermediate care unit, totaling 32 Nursing 
Diagnoses, and simulation exercises of four clinical cases of preterm newborns, totaling 40 Nursing Diagnoses. 
 
Interface Design 
The layout of the interface was built from the sketch done by the researcher, by hand and in Power Point. Until 
the final version (Figure 1) four different versions of layout for the main screen of the system were produced. 
 
 
Figure 1 - "Home Screen" of the interactive virtual learning object "Diagnostic Reasoning in Nursing applied to preterm newborns" 
 
For the module "Nursing Diagnosis", after clicking to start the navigation, the user is guided to the screen where 
the topics are addressed. In order to approach the content, interaction and colors resources were used to draw user 
attention, varying within each module. 
In the modules "How to develop the Nursing Diagnosis" and "Testing Learning" users choose the clinical case 
they want to access to learn or test knowledge. 
The interactive learning object is on the Internet and Moodle (Figure 2), as it is a mean of communication that 
allows for the exchange of information worldwide by groups or individually. 
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Figure 2 - "Moodle" Screen of the interactive virtual learning object "Diagnostic Reasoning in Nursing applied to preterm newborns" 
 
 Assessment – Informatics 
Fifteen professionals graduated in computer science or related fields were invited to participate in the technical 
evaluation of the virtual learning object, twelve replied to the invitation and sent online free and informed consent. 
The evaluation of the object "Diagnostic Reasoning in Nursing applied to preterm newborns" by these 
professionals from the informatics area consisted of two instruments, one on the general impression about the 
presentation and organization of content and the other on ergonomics of interface. 
Regarding the general impression, it was noted that all items have been assessed as satisfactory, as the sum of 
the options agree and strongly agree were above 70%, exceeding 80%. 
It was observed that all the criteria of usability of the virtual learning object reached the expected agreement 
(above 70%), except for the Informational Density, which reached 66.6% as a result of excess of texts for the 
construction of clinical cases. 
 
Assessment – Nursing 
After the corrections suggested by computer experts, the interactive virtual learning object was submitted for 
review by nursing experts. Acceptance by e-mail was received from 52 RNs, however, only 31 returned the 
assessment tools, 14 clinical nurses and 17 faculty nurses working in teaching. 
The assessment of overall impression, content and ergonomics of interface was considered to be adequate, as 
the concordance among experts (the sum of the options agree and strongly agree) reached a percentage higher than 
85%. 
One expert noted that "the virtual object pushes the student to go in search of knowledge through curiosity, 
technological innovation and especially the interaction between theory and clinical practice"; one reported that "the 
use of media and games" promote learning and another that interactive virtual learning objects "are very useful." 
Two experts rated the object as an educational tool as "it is an innovative tool, an empowerment in neonatal 
nursing". 
About the statement that the screens are developed in a clear and understandable way, one expert reported that 
there is "logical sequence in all screens". 
Regarding the limitations, there was only one manifestation: "I found it very straightforward and not very 
interactive, but it is an important tool that can be explored". 
 In relation to the logical organization of content, one expert found the explanation of the Diagnostic Reasoning, 
at the Nursing Diagnosis module, confusing. 
Regarding the videos, two experts could not access them. 
It is believed that the participation of experts and faculty, working in different regions of Brazil, reflect different 
situations of teaching and implementation of Nursing Diagnosis, a fact that contributes to the quality of the final 
product. 
From the concordance obtained and the improvement of the interactive system with the suggestions 
incorporated, it is possible to affirm that the virtual learning object "Diagnostic Reasoning in Nursing applied to 
preterm newborns" was positively evaluated in content and face. 
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Discussion  
During the construction of this study it was noticed that the use of informatics in nursing education, especially 
of virtual learning objects, have been intensified in recent years in teaching and research centers. 
In the present context, it is impossible to ignore the importance of computer and informatics in society’s daily 
life.  
Many efforts have been directed to the introduction of information and communication technologies in 
education. The widening of educational strategies, through the use of computer resources, is needed due to the rate 
of incorporation of new knowledge and can also facilitate the capacity building and training of nursing personnel, 
stimulating thinking and the problem-solving capacity [20]. 
The problematization implies the participation of agents in building their knowledge, in exchanging experiences 
and questioning their reality [9]. 
The simulations were developed based on problematization, seeking for the critical insertion of man in its 
reality. The problems existing in learners’ everyday experiences are systematized and theorized due to the 
participatory and dialogical relationship, leading them to reflection and action [9]. 
The simulation of clinical cases has been used as an auxiliary resource in the training of students, in several 
areas of expertise in health, such as nursing, medicine, physiotherapy, nutrition, and others [21]. 
The simulations have been widely used in nursing and permit the anticipation of procedures and situations that 
would be experienced only in the academic practice, reducing the fear and insecurity of the student in face of the 
real situation experienced. 
Internet access has contributed to the dissemination of educational materials in informatics, enabling the 
development of new approaches to teaching, from the use of interactive media [16]. 
The educational tools supported by multimedia resources can help to understand complex information and, 
sometimes, in the transmission of large amounts of information, interactively [16]. 
Regarding the ergonomics of interface of the interactive virtual learning object, the great advantage of its online 
testing is the finding of serious problems which can pose difficulties in the development of the course [21]. 
Nursing studies that have conduct ergonomic assessments as this one performed were not found. 
Interactivity motivates users of technology, especially if users are having the first contact with informatics; 
multimedia has an important role in this scenario [22]. 
It is known that both the teaching of the nursing process and the use of informatics in nursing teaching have 
faced resistance and are a source of concern in teaching centers in Brazil. It is believed that this virtual learning 
object can help in education, training and implementation of the nursing process, training more critical nurses and 
with well-establisheddiagnostic reasoning skills. 
In addition, the inclusion of informatics in nursing teaching is far from being exhausted. It is believed that daily 
technological advances can contribute to the production of increasingly complex resources directed to nursing 
education, with rich resources for interaction to bring the final user closer to practical realities. 
 
Final Considerations 
Education should extend beyond the school environment, as university is not the only responsible for learning 
and training of critical nurses. 
The reflection on where students can learn presents the virtual learning environments and objects as 
opportunities that should be contemplated. 
Virtual objects targeting learning should be guided by best practices in education, ensuring high performance 
and student satisfaction. 
It is concluded that the results obtained in this study can contribute to the adoption of educational practices 
guided by the use of new information technologies, towards the improvement of the quality of undergraduate 
nursing education and nurses under training process. 
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